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Slft-IAKY 

The  kinetheodolites  are  used  to  determine  the  trajectory  and 
velocity  of  guided  weapons;  five  or  more  kinetheodolites  being  dispersed 
on  the  range  and  controlled  from  a common  point  within  the  launching  area. 

A Controller  operates  the  kino theodolite  shutters  and  triggers 
flash  lamps  which  expose  bearing  and  elevation  readings  on  the  kine- 
theodolite  films.  The  lamps  are  flasi«ed  synchronously  to  within  1200 
microseconds  the  interval  between  flashes  being  200  milliseconds  1200 
microseconds.  The  shutter  operation  is  synchronised  to  the  lamps  to 
within  1.1  millisecond.  It  is  estimated  that  for  the  Larkhill  Guided 
Weapons  range  these  limits  correspond  to  errors  of  i.1  ft  in  determining 
the  trajectory  and  *0. 1?S  of  velocity. 

The  report  describes  a Kk.II  version  of  the  equipment  which  employs 
electronic  delay  circuits  in  place  of  the  relays  used  in  the  hk.I 
equipment  and  which  is  more  suitable  for  operating  the  remote  kine- 
theodolites over  long  telephone  lines. 
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1 Introduction 


Kinothcodolitcs  aru  used  on  guided  weapons  ranges  to  determine 
the  trajectory  and  axial  velocity  of  special  weapons.  A number  of  kino-* 
theodolites  arc  dispersed  on  the  range  and  controlled  over  land  lines 
from  a common  control  station  v/ithin  the  launching  area. 

The  kinethoodolite  as  illustrated  by  i’ig.l  consists  essentially  ofj 

(a)  an  optical  axis  which  can  be  trained  in  bearing  and  elevation 
by  an  operator  tracking  the  moving  projeotilo. 

(b)  a camera  shutter  and  film  traversing  mechanism  normally 
operated  at  the  rate  of  five  frames  per  second. 

A record  cf  the  bearing  and  elevation  of  the  optical  axis  is 
exposed  on  each  frame  by  flashing  3mall  gas  discharge  lamps  fitted  near 
the  bearing  and  elevation  scales;  the  images  being  projected  on  to  the 
film  by  a simple  optical  system.  The  camera  shutter  exposes  an  image 
of  the  projectile  with  respect  to  the  optical  axis  on  each  frame  so  that 
corrections  can  be  made  for  tracking  errers  when  the  film  is  analysed. 

A typical  frame  exposure  is  aho./n  by  Pig. 2. 

The  bearing  and  elevation  readings  from  two  kinetheodclitea,  placed 
at  the  extremities  of  a known  oase  lino,  give  the  position  cf  the  projec- 
tile in  spaoe  and  since  successive  readings  are  obtained  at  known  time 
intervals  both  the  trajectory  and  velocity  of  the  projectile  can  be 
detemined.  To  cover  the  ./hole  cf  th-  trajectory  it  is  normal  to  employ 
five  or  more  kinetheoOolites  suitably  dispersed  over  the  range  and 
synchronously  operated. 

The  first  requirement  of  a control  system  i3  that  the  bearing  and 
elevation  scale  exposures  of  all  kinethco  '.elites  be  made  synchronously 
and  for  the  interval  between  successive  exposures  (normally  200  milli- 
seconds) to  be  accurately  repeated.  Any  asynciironian  between  the  flash 
lamps  of  each  kinetheodolite  will  result  in  an  error  in  determining  the 
trajectory  end  hence  the  velocity,  while  an  error  in  the  repetition  rate 
will  have  a direct  effect  on  the  velocity  evaluation.  A second  require- 
ment is  that  the  exposure  showing  the  position  of  the  projectile  with 
reference  to  the  optical  axis  of  the  theodolite  be  made  at  the  same 
instant  as  the  scale  exposures.  Tiris  involves  synchronising  the  electro- 
mechanical operation  cf  the  camera  shutter  with  the  triggering  of  the  gas 
discharge  lamps.  Any  {^synchronisation  between  the- shutter  and  lamps 
will  result  in  false  corrections  being  made  when  the  films  are  analysed. 

The  accuracy  to  which  the  trajectory  and  velocity  must  be  determined 
require  that: 

(a)  the  asynchronisation  between  the  operation  of  all  flash 
lamps  be  not  greater  than  1200  miorosoconds. 

(b)  the  interval  be twoon  the  successive  operation  of  the  flash 
lamps  be  within  +200  microseconds  of  the  nominal  value  which  is 
normally  200  milliseconds. 

(c)  the  shutter  operation  be  synchronised  to  within  11  millisecond 
of  that  of  the  flash  lamps. 

The  kinetheodolite  a were  originally  operated  by  a Controller 
designed  by  the  Askamia  works  but  this  did  not  meet  the  requirements 
outline  above.  An  improved  system  tat,  therefore,  designed  for  use  at 
the  guided  weapons  range,  Larkhill  and  a Uk.I  equipment'  has  been  in 
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service  since  August  1949.  Thu  ilk. II  version  employs  electronic  circuits 
in  place  of  the  variable  delay  relays  of  the  Mk.I  equipment,  is  designed 
for  operation  over  longer  land  lines  and  gives  better  accuracy. 

This  report  describes  tno  ilk. II  development  and  includes  a brief 
description  of  the  kinetheodolite  and  flesh  lamp  unit. 

The  control  equipment  was  manufactured  by  Cinema  Television  Ltd. 
whe  engineered  the  system  from  the  prototype  equipment  designed  by  the 
Royal  Aircraft  Establishment.  The  recorder  was  made  by  S. G.  Brown  Ltd. 

A description  of  the  engineered  equipment  together  with  v/iripg  diagrams 
is  given  in  a service  manual  issued  by  Cinema  Television  Ltd'. 


2 Electrical  Operation  cf  the  Kinutheodolites 

As  a full  description  of  the  kinetheodolite  (Fig.l)  is  given  in  a 
translation  of  the  German  Handbook^,  only  a Drief  duscription  of  the 
electrical  operation  is  given  here. 


The  shutter  (Fig. 3)  is  cf  the  "Venetian  Blind"  type,  thj  vanes  being 
rotated  through  100r  for  each  exposure  by  a gear  sector  wnich  engages 
snail  pinions  on  each  vane.  The  gear  3ectcr  when  released  by  the  armature 
of  the  electromagnet  moves  to  the  right  or  left  under  the  action  of  a 
tension  spring.  The  end  <-f  this  spring  is  attached  to  a wheel  which  is 
motor  driver,  through  180°  after  each  exposure  tnus  cocking  the  mechanism 
for  the  following  exposure. 

The  rotary  contact  shewn  or.  Fig. 3 is  closed  when  the  shutter  vanes 
are  in  the  fully  eper.  pc  sit  it  n;  this  pr.  vidc3  a monitoring  signal  for 
synchronising  the  shutter  eporatior.  with  that  cf  the  scale  flash  lamps. 


The  connections  cf  the  motor  which  cccks  the  shutter  mechanism  are 
shewn  cn  the  circuit  diagram  cf  Fig. 4.  The  motor  runs  continuously  and 
the  intermittent  drive  obtained  by  an  electromagnetic  clutch.  This 
clutch  is  energised  via  a commutator  geared  to  the  cocking  wheel.  When 
the  gear  sector  has  travelled  to  either  extremity  following  an  exposure 
a aide  contact  is  closed  which  energises  the  clutch  sc  that  the  cocking 
wheel  is  rotated  through  1PCr,  tix  supply  to  the  clutch  being  then 
interrupted.  At  the  same  time  the  clutch  couples  the  motor  to  the  film 
traverse  mechanism  so  that  a frame  is  automatically  wound  ever  after 
each  exposure.  The  electrical  operation  of  the  kinetheodolite  is  thus 
fully  automatic  consequent  upon  triggering  the  shutter  release  magnet. 


An  additional  commutator  interrupts  the  circuit  of  the  shutter 
release  magnet;  this  prevents  possible  repeated  operation  of  the  shutter 
while  the  film  is  being  traversed. 


The  time  taken  for  the  shutter  vanes  to  operate  depends  on  the 
ambient  temperature,  local  battery  voltage  and  the  mechanical  adjustment 
of  the  particular  mechanism;  it  is  normally  about  30  milliseconds.  The 
effects  of  temperature  and  voltage  on  a particular  mechanism  are  shown 
by  the  test  results  given  below;  the  time  quoted  is  that  for  the  shutter 
vanes  to  reach  the  fully  open  position  after  switching  volts  to  the 
release  magnet. 


Temperature  °C  Operating  Voltage  volts 

-20 

-10 

0 12 

20 
40 

: 8 

25  12 

16 

20 


Operating  Time  milliseconds 

42.5 

40 

38 

36 

34 

S 
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The  exposure  time  for  each  operation  of  the  shutter  vanes  is 
normally  about  10  milliseconds. 

3 Description  of  the'  H.T,  Flash  Unit 

The  Flash  Unit^  operates  two  gas  discharge  lamps  fitted  near  the 
bearing  and  elevation  scales  of  the  kinuthuedolite . These  give  a high 
intensity  flash  of  short  duration  so  that  a record  of  boaring  and 
elevation  is  exposed  on  each  frame  of  the  kir.etheodolitc  film.  Thu  short 
duration  flash  of  about  10u  microseconds  is  necessary  tc  avoid  blurred 
exposures  of  the  scale  readings  at  the  high  tracking  rates  employed. 

The  circuit  diagram  of  thj  Flash  Unit  is  illustrated  by  Fig. 5*  It 
consists  cf  a p^wur  pack  which  supplies  th.-  necessary  high  voltage  and  a 
ttyrratron  which  acts  as  a switch  in  series  with  the  flash  lamps.  Each 
input  pulse  fires  the  tliyratron  so  tnat  a B>SFD  condenser  is  discharged 
through  the  lamps  and  the-  ti\yratron  sell'  extinguished.  The  thermal  delay 
switch  shewn  pr<  toots  the  thyratrou,  when  tne-  unit  is  first  switched  on, 
by  allowing  the  cath.de  to  attain  its  working  t jn, orature  before  the  h.t. 
is  switched  tc  the  anode.  ' 

4 Descrirtl  t.  of  C r.t roller  (See  Fig.  13) 

4.1  General  Doscri.  tier. 

A 5 p.p.s.  sign  tl  i3  supplied  to  the  C>  r.t  roller  from  a Central  Timing 
Unit4  see  Fig. 6.  This  unit  consists  of  a 10  Kc/s  quartz  oscillator  and 
electronic  dividing  circuits  supplying  timing  and  reference  signals  to  the 
various  measuring  stations  and  observation  p<  sts  on  the*  range;  it  i3  used 
on  the  range  as  a separate  oqui; Xei.t  arc. is  r.ct  part  cf  the  Kine theodolite 
Controller. 

Referring  tc  the  schematic  diagram  of  Fig.?:  the  5 p.g.s.  signal 
from  the  Central  Timing  Unit  is  fed  via  separate  variable  delay  circuits 
to  each  kinethcodelite  shutter  mechanism  ar.d  via  a common  delay  circuit 
to  all  the  remote  FLash  Units.  The  variable  delay  circuits  are  adjusted 
sc  that  the  cutout  pul3e  is  sufficient  ly  ir.  advance  of  the  common  flash 
pulse  for  the  shutter  vanes  of  eucn  kir.e theodolite  to  be  passing  through 
their  mid-positicr.  as  the-  scale  lamps  flash.  Rotary  contacts  fitted  tc 
the-  shutters  (Fig. 3)  are  closed  ..(in  the  shutter  vanes  are  in  the  mid- 
position and  synchronisation  is  effected  by  adjusting  the  variable  delays 
until  the  3nutter  return  pulses  provided  by  these  contacts  arc  each  in 
phase  with  the  common  flash  pul30  as  seer,  on  a double  beam  C.R. 0. 

The  return  shutter  pulses  also  operate  neon  indicators  and  they  are 
recorded  together  with  the  flash  pulse  on  a suitable  multi-channel  recorder. 
The  record  obtained  gives  an  overall  check  on  the  operation  of  the  system 
and  shows  the  degree  cf  shutter  synchronisation  effected  and  maintained. 

In  operating  the  system  each  klnetheodolite  is  synchronised  as 
necessary;  the  5 p.p.s.  signal  from  the  Central  Timing  Unit  is  then 
switched  off  in  preparation  for  the  actual  run  and  the  particular  kine- 
theodolite  and  Flash  Units  that  are  to  bo  operated  selected  by  closing 
appropriate  switches  on  the  control  panel.  The  run  commences  when  the 

5 p.p.s.  signal  is  gated  from  the-  Central  Timing  Unit  at  zerc  time,  i.e. 
when  the  weapon  to  be  tracked  is  fired  off  tho  launcher.  To  conserve  film 
each  klnetheodolite  is  switched  off  locally  when  tracking  has  ceased 
while  the  Controller  is  switched  off  automatically  at  the  end  of  the  run. 
The  recorder  is  normally  switched  on  and  off  automatically  from  the  range 
control  room  but  can  be  controlled  locally  if  necessary. 
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4.2  Delay  Circuit 

The  delay  circuita  employed  in  the  Controller  consists  in  eaoh  case 
of  a flip-flop  aa  illustrated  by  Fig. 8a.  The  waveform  at  the  anode  of  V2 
is  differentiated  and  the  posit ive  pip  removed  with  a diode.  The  output 
pulse  is  thus  derived  from  the  trailing  edge  of  the  flip-flop  waveform 
and  is  displaced  from  the  input  pulse  by  a time  delay  corresponding  to 
tte  flip-flop  action.  The  time  delay  car.  be  varied  by  altering  the  value 
cf  the  resistance  connected  to  the  grid  cf  V2  as  illustrated  by  the  graph 
of  Fig. 8b, 

The  delay  time  of  the  flip-flop  circuit  is  relatively  independant 
of  ambient  temperature  changes  or  cf  th;  steady  h.t.  voltage  and  any 
drift  due  to  valve  ageing  car.  be  taker,  up  in  the  preset  r r variable 
resistance  centre- Is.  Apart  from  alow  changes  it  is  necessary  that  any 
given  time  delay'  bo  repeated  for  successive  operation  to  within  +100 
microseconds.  Tc  meet  this  requirement  it  is  necessary  to  trigger  the 
flip-flop  with  a steep  fronted  pulse  of  short  duration  and  tc  ensure  that 
there  is  no  50  c.p.s.  or  transient  disturbance  superimposed  on  the 
experiential  voltage  rise  at  th.  grid  . f V2.  The  flip-flop  i3  accordingly 
triggered  via  a pulse  shapr r and  supplied  with  a well  smoothed  and 
stabilised  h.t. 

4.3  Control  Circuits 

Tru  5 p.p.s.  3igr.al  from  the  Central  Timing  Unit  is  fed  to  the 
oulso  shaper  circuit  detailed  by  Fig. 9.  This  ci  r.sists  of.  u triode  biassed 
beyond  cut-cff  to  clip  any  l-w  amplitude  noise  folio-wed  by  an  amplifier 
and  squaring  flip-1  loo.  The  . utrut  cl*  the  latter  is  differentiated  and 
the  negative  pips  removed  by  the  crystal  die  do.  A crystul  is  used  here 
tc  avcii  trie  intreiucticr.  -f  5C  c.,  .s.  ripple  that  ./ouli  result  f ran  the 
heatcr-cath.de  leakage  of  a r.-  imal  valve.  Trie  diode  connected  tc  the 
input  side  of  the  flie-fl"  p rem  .ves  any  negative  ccmpcncnt  fraa  the 
triggering  signal  while  the  0.002  mfd  oensenser  short  circuits  any  high 
frequency  pick-up.  The  shaped  pulses  are  fed  to  six  variable  delay’ 
circuits  or. i to  a ccmmer.  circuit  which  introduces  a fixed  delay  of  about 
70  milliseconds. 

The  variable  delay  circuit  is  shown  on  Fig. 10;  this  introduces  a 
delay  cf  20  to  60  milliseconds.  The  output  of  each  variable  delay'  circuit 
triggers  the  kinethecdolite  shutters,  the  pulses  being  fed  to  each  remote 
station  via  underground  cables  to  a local  amplifier.  The  output  of  the 
fixed  delay  circuit  is  fed  to  cathode  followers  in  each  control  channel 
and  then  via  the  undergrrund  cables  and  local  amplifier  tc  the  remote 
flash  units.  The  flash  pulses  from  each  control  channel  are  in  phase 
while  the  shutter  pulses  can  eaoh  be  varied  to  be  between  10  to  50  milli- 
seconds in  advance  of  the  common  flash  pulse  according  to  the  delay  of 
eaoh  shutter  mechanism. 

The  rotary  contaot  cn  each  shutter  mechanism  transnits  return  pulses 
via  the  underground  cable  to  the  reoeiving  circuit  detailed  by  Fig. 10. 

This  circuit  consists  of  a triode  biassed  beyond  cut-off  to  clip  any  low 
amplitude  noise  followed  by  an  amplifier  and  pulse  widening  flip-flop. 

The  pulse  widener  operates  a neon  which  gives  a visual  indication  by 
blacking  out  when  the  kinethecdolite  shutter  is  operating. 

4.V  Recorder  Amplifiers  and  Monitoring  C.R.O, 

The  return  shutter  pulses  are  fed  to  the  recorder  amplifiers  and 
monitoring  C.R.O.  as  shown  by  Fig.11.  Eaoh  recorder  channel  has  s two 
stage  amplifier  with  the  pen  connected  in  the  plate  circuit  of  the  second 
valve.  The  10C3C  resistor  In  parallel  with  tho  pen  circuit  prevent  a the  valve  anode 
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floating  when  the  circuit  through  the  paper  is  interrupted.  The  n/oords 
are  obtained  by  traversing  a carbcn  backed  "teledeltoB"  paper  under  a 

transverse  i\  .v  il'  fixed  electrodes  r pens  St  tnat  the  amplified  input 
signals  burn  ccrresp-  Tiling  time  traces  on  the  paper.  The  shutter  return 
pulses  unci  common  flash  pulses  are  recorded  against  a 100  p.p.s.  time- 
trace  so  that  or.  -'verall  check  n the  sync  nr  T.isation  ar;d  operation  ef 
the  system  is  obtained.  Thu  100  r.p.a.  signal  i3  switched  from  the 
Central  Tuning  Unit  via  a gate  circuit  operated  at  r.e-ro  time ; individual 
kine theodolite  film  exposures  can  thus  be  related  to  un  accurate  time 
scale  and  tc  data  obtained  by  othir  range  instrumentation. 

The  double  beam  C.K.  \ sh  .vn  cn  Fig. 11  is  used  for  synchronising 
the  shutter  operation  of  each  kinethe.di  lite.  The  flash  pulse  is 
presented  r r.  ■ ne  beam  and  tlx;  return  shutter  pul3e  cr.  the  < thor.  The 
synchronising  c.  ntr  1 is  taer.  adjusted  until  the  tw  . signals  are  seen  to 
bo  in  phase.  A free  ruivning  time  base  f-  r the  C. I.  i3  unsuitable 
since  it  is  n^t  practical  tc  synchronise  the  proser.tation  ef  such  lew 
frequencies  or  to  obtain  sufficient  resolution  along  tne  time  axis.  The 
time  oase  is  accordingly  triggered  by  the  5 p.p.s.  output  frem  the  pulse 
shaper  ( synch,  puls-'/;  this  ; ulse  being  about  70  milliseconds  in  advance 
rf  th  so  being  exse.'.ii.e  i.  Tne  circuit  rf  the  C.h. . . is  rf  c nvantienal 
design  and  is  detailed  in  the  service  manual^. 

4. 5 Lccal  Amplifier 

Tnis  unit  is  instilled  1<  cal  to  the  remote  kinctheedolite  ar.d  it 
amplifies  tne  shutter  and  flash  pulses  received  fr.  m the  Ccr.trcller. 

Tnis  circuit  is  sr.cwr.  by  Fig.  1C. 

The  shutter  pulse  is  fed  t a trir.de  l iajsi  d beyond  cut-off  tc 
clip  any  lo.c  om.litud.  r.-ise  f -il  '.ved  by  an  amplifier  ar.d  pulse  widening 
flip-flop.  Tne  flip-fl  p widens  the  pulse  sc  that  it  is  -:f  sufficient 
duration  to  "f,  era  to  tne  snut4v.r  s.len  id.  The  diode  ar.d  condenser  crnnected 
tc  the  input  grid  ef  the  fli. -fl  r remove  ary  negative  component  and  high 
frequency  ick-Uo  from  the  • ; e m4 ing  signal.  T.-n  r utput  cf  the  pulse 
wider.er  is  fed  to  a tri<  de  naving  a Siemens  high  speed  relay  in  the  plate 
circuit;  tnis  relay  operates  the  shutter  s-.  lor.  id.  He  lay  b is  a cost 
office  type  30o0  relay  having  an  operating  time  -f  as, ut  35  milliseconds; 
its  functi'r.  is  to  interrupt  the  ir.Juctivo<-3clor.nid  before  A drops  out 
and  sc  pr.tect  the  contacts  ef  tin:  high  a need  relay.  The  random  variations 
in  the  rr:c-ratir.g  time  f a ty:o  3"-\  relay  prohibit  it  oe irg  used  tc  switch 
the  shutter  s-^lcr.oid  directly.  Tin.-  r.  -. lancer  if  s.vitcled  in  antiphase  t o 
the  relay  valve  t>.  equalise  tne  1 ad  find  thus  prevent  fluctuations  in 
the  n.t.  voltage.  Tne  push  switen  shewn  in  the  relay  circuit  is  used  for 
manual  operation  cf  the  shutter  mechanism. 

The  flash  pulse  is  fed  via  a clipper  and  amplifier  tc  a cathode 
follower.  The  latter  feeds  the  signal  at  the  necessary  low  impedance 
tc  the  grid  cf  the  thyratr>->r.  is  the  h.t.  flash  unit.  The  condenser 
connected  tc  the  grid  tf  tic  cathode  follower  short  circuits  any  high 
frequency  spikes  picked  up  in  the  preceding  circuits  and  coble. 

The  rotary  contact  fitted  to  the  shutter  vanes  earths  the  grid  of 
a cathode  follower  in  the  local  amplifier  so  that  a pulse  is  transmitted 
via  the  telephone  cable  back  tc  the  controller. 

4. 6 Line  Installation 

The  operating  pulses  are  transmitted  from  the  central  control 
station  to  tlx;  remote  kinetheodolite  and  flash  units  via  telephone 
cables.  The  individual  lints  are  terminated  in  balancing  transformers 
as  shown  on  figures  10  and  12;  this  eliminates  "cross-talk”  between  the 
signals  and  from  cthtr  transmissions  in  the  same  multi-core  cable. 
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A 20  lb  cable  is  installed  at  the  Larkhill  range.  This  has  the 
following  ctoract eristics  at  u 1000  c.p.ss 

Attenuation  1 db  per  ml. 

f ■■■•  ' 

Ciiaracteristic  Impedance  453  chins  j40° 

Propagating  Delay  10  microseconds  per  ml. 

The  longest  cable  run  is  about  4 mile3,  the  propagation  delay  is  therefore 

negligible  as  regards  the  synchronous  operation  of  the  kine theodolite 
shutters  and  flash  lamps. 

4.7  The  Recorder 

The  shutter  return  pulses  together  witn  the  common  flash  pulse  and 
a 100  p.e.s.  time  trace  are  reccrded  on  a 12  charnel  recorder,  see  Pig. 14; 
this  gives  an  overall  cheek  rn  the  synchronisation  and  operation  of  the 
system. 

The  recc rds  are  obtained  by  traversing  a carbon  backed  paper  under 
a transverse  r.v  "f  f ixed  electrodes  or  pens;  the  pulses  to  be  reccrded 
being  fed  to  the  pens  via  amplifiers  as  previously  described.  The  pens 
aid  the  r.llcr  which  supports  the  paper  and  completes  the  electrical 
circuit  are  silver  plus  rh  dium  plated  to  withstand  the  arduous  electrical 
and  mechanical  conditions  f operation.  The  drive  mechanise;  corsists  cf 
a actor  and  2 speed  gear  b x driving  a roller,  soring  loaded  on  to  the 
paper.  The  meter  runs  c<  r.t  ir.uc usly  and  is  engaged  tc  the  gear  box  by  a 
solenoid  operated  clutch.  The  paper  skills  in  t a container  and  is 
wound  by  hand  or.  to  th;  take  up  spool.  Paper  speeds  cf  10  cr  2>  inches 
per  second  car.be  obtained.  A roller  arm  on  tne  take  off  sp.cl  operates 
a micro-s.vitch  whicn  lights  a -warning  lump  indicating  that  only  50  ft  of 
paper  is  left  on  t,.is  spool. 

5 Accuracy 

So  far  as  the  control  system  is  concerned  the  accuracy  to  which 
the  trajectory  and  velocity  of  the  projectile  can  be  determined  depends 
upon  the  regular  and  synchronous  ooerutior.  cf  the  flash  lamps  and  shutter 
mechanisms. 

The-  pulses  which  control  the  flash  lamps  and  shutters  are  locked 
to  a crystal  oscillator  having  a frequency  stability  cf  a few  parts  in 
100,000  and  any  irregularity  in  the  nominal  200  millisecond  interval 
between  pulses  will  be  introduced  by  the  delay  circuits;  tests  shew 
this  to  be  not  greater  than  £100  microseconds. 

With  the  line  installation  at  the  Larkhill  range  the  dolays  in 
transmitting  the  pulses  tc  tne  remote  kinethecdolitea  and  flash  units 
will  be  not  greater  tnan  40  microseconds  and  will  depend  on  the  site  of 
each  equipment. 

The  accuracy  to  which  the  shutter  operations  can  be  synchronised 
depends  upon 

(a;  the  degree  tc  which  asynchronisation  can  be  observed  on 

the  monitoring  C.R.O. 

(b)  the  random  time  variations  inherent  in  the  design  of  the 

shutter  mechanist. 
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Tests  sliow  that  tins  shutters  can  be  synchronised  to  within  £1  millisecond. 
The  shutter  exposure  on  the  film  is  used  to  correct  the  tracking  error; 
shutter  assynchronisation  has  therefore  only  a second  order  effect  on  the 
results  obtained  particular ly  with  good  trucking. 

Summarising  the  above  it  can  be  stated  that 

(a)  asynchrcnisaticn  between  the  operation  of  all  flash  lamps 
is  not  greater  than  £200  microseconds. 

(b)  the  interval  between  successivt  operations  of  the  flash 
lamps  is  within  £200  microseconds  cf  the  nominal  value. 

(c)  the  shutter  operation  can  be  synchronised  to  within  £1 
millisecond  to  that  of  the  flash  lamps. 

The  effect  of  these  errors  in  determining  the  trajectory  depends 
upon  the  disposition  of  the  kinetheodolitca  with  respect  to  tte  trajectory 
and  on  the  skill  cf  the  operators  ir.  tracking  the  projectile.  It  is 
estimated  that  on  th~-  Lurkhill  range  the  errors  quoted  correspond  to  an 
err.  r cf  r.rt  mere  than  £1  ft  ir.  space;  such  a discrepancy  being  comparable 
with  these  do-  to  the  surveying  cf  the  kino-theodolites  and  with  the 
optical  orientation  cl*  the  kinetheodclite  axis.  The  velocity  evaluation 
will  depend  upen  the  accuracy  tc  which  the  trajectory  fixes  are  made;  the 
errors  introduced  by  irregular  operation  of  tiu  flash  lamps  however  when 
they  are  operated  at  the  rate  cf  5 ■{>.._  .s.  will  be  not  greater  than  +0.1J*. 
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